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(54) Optical recording method and optical recording medium 



(57) Increase of jitter in a phase change optical re- 
cording medium is suppressed with no extreme de- 
crease in the crystallization speed of the recording layer 
when the medium is overwritten at a high linear velocity. 
In addition, in a disk-shaped medium operated at a con- 
stant angular velocity, the ovenwriting is accomplished 
with the increase of jitter suppressed over the entire ar- 
ea of the medium. Provided is an optical recording meth- 
od for recording a disk-shaped optical recording medi- 
um having a phase change recording layer which is ro- 
tated at a constant angular velocity, wherein amorphous 
recorded marks are formed In the recording layer. In this 
method, the minimum recorded mark Is formed such 
that Wl/Ml incrementally or gradually decreases from 
the radially inner side to the radially outer side of the 
optical recording medium, when the minimum signal has 
a length of Sl, and when the minimum recorded mark 
corresponding to said minimum signal has its maximum 
width of Mw, Evv is 0.1 tsA^] the position on the leading 
edge side of the recorded mark at the width of E^ is 
designated effective leading edge; and the position on 
the trailing edge side of the recorded mark at the width 
of Eyy is designated effective trailing edge; the distance 
between the effective leading edge and the effective 
trailing edge is designated effective length Ml; and the 
distance between the effective leading edge and the po- 
sition at which the width starts to decrease on the trailing 
edge side is designated W^. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] This invention relates to a method for recording a phase change optical recording medium and an optical 
recording medium adapted for use in such method. 

[0002] Highlight is recently locused on optical recording media capable of recording inforrnalion at a high density 
and erasing the recorded information for ovenft^riting. One typical overwritable optical recording medium is phase 
change optical recording medium wherein a laser beam is irradiated to the recording layer to change its crystalline 
10 state whereupon a change in reflectivity by the crystallographic change is detected for reading of the information. The 
phase change optical recording media are of great interest since the medium can be ovonA^ritten by modulating the 
intensity of a single laser beam and the optical system of the drive unit is simple as compared to magnetooptical 
recording media. 

[0Q03] Such phase change recording layer Is typically produced from a material of chalcogenide system such as Ge- 
ls Te system and Ge-Sb-Te system since the recording layer produced by using such material provides substantial dif- 
ference in reflectivity between the crystalline and amorphous states as well as a relatively stable amorphous state. 
[0004] When information is recorded on the phase change optical recording medium, the entire recording layer is 
first brought into crystalline state, and then, a laser beam of high power level (recording power level) is applied so that 
the recording layer is heated to a temperature equal to or higher than the melting point. In the region irradiated with 
20 such beam, the recording layer is melted and thereafter quenched to form an amorphous recorded mark. When the 
recorded mark is erased, a laser beam of relatively low power level (erasing power level) is applied so that the recording 
layer is heated to a temperature equal to or higher than the crystallization temperature and lower than the melting 
point. The recorded mark which is irradiated with such laser beam is heated to a temperature higher than the crystal- 
lization temperature and then allowed to slowly cool to recover the crystalline state. Accordingly, in the phase change 
25 optical recording media, the medium can be overwritten by modulating the intensity of a single light beam. 

[0005] In a phase change medium which can be rewritten by oven^^riting, amorphous recorded marks are fomied by 
irradiating the crystalline recording layer with a laser beam of recording power level to melt the recording layer, and 
quenching the molten area to thereby form the amorphous recorded marks. In the erasing, the amorphous recorded 
marks are irradiated with the laser beam of erasing power level which is lower than the recording power level to heat 
30 the layer to a temperature equal to or higher than the crystallization temperature of the recording layer and lower than 
the melting point, and then gradually cooling the layer to thereby crystallize the amorphous recorded marks. As de- 
scribed above, ovenwriting can be accomplished by irradiating a single laser beam with its intensity modulated. 
[0006] When a phase change medium is overwritten at a high speed, amorphous recorded marks should be erased 
(crystallized) at a high linear velocity. The rate detemnlnlng factor in such process has been crystallization speed of 
35 the recording layer, namely, speed of crystalline phase conversion in the change from amorphous to crystalline phase. 
While overwriting at a high speed can be accomplished by using a recording layer of high crystallization speed, ex- 
cessively high crystallization speed is likely to result in crystallization of the amorphous recorded marks, and hence, 
unstability of the medium. The medium then suffers from reduced reading stability and storage reliability. In the mean- 
while, overwriting of the medium having a recording layer of low crystallization speed is associated insufficient erasing 
40 of the recorded marks as well as increase in the jitter. 

[0007] A recording layer of high crystallization speed Is associated with the phenomenon of selferase wherein the 
recorded marks partly become recrystallized in the recording due to the heat conduction in the in-plane direction as 
well as crosserase wherein the recorded marks on the adjacent track are erased in the recording. Both selferase and 
crosserase invite increase in the jitter. 
45 [0008] As described above, it is difficult in an overwritable phase change medium to drastically increase the crystal- 
lization speed of the recording layer, and hence, the data transfer rate. 

[0009] When the phase change medium is a disk-shaped medium which rotates at a constant angular velocity the 
medium is associated with the problem as described below. It is to be noted that typical recording formats wherein the 
disk is operated at a constant angular velocity include CAV (Constant Angular Velocity) and MCAV (Modified CAV) 
50 systems. Recording formats are described, for example, in page 223 of "Optical Disk Technology" published from Radio 
Technology Inc. on February 10. 1989. 

[0010] The linear velocity of a disk-shaped medium which rotates at a constant angular velocity is slower in the 
radially inner side and faster in the radially outer side of the disk. On the other hand, a recording layer typically has a 
uniform crystallization speed over Its entire area since the composition of the recording layer is unifonn over its entire 
55 area. As aconsequence, when the crystallization speed of the recording layer is determined so that sufficient erasability 
is attained at the linear velocity in the radially inner side of the medium, the disk is likely to suffer from an increased 
jitter in the radially outer side of the disk where the disk is operated at a higher linear velocity 
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SUMMARY OF THE INVENTION 

[0011] In view of the situation as described above, an object of the present invention is to suppress the increase of 
jiner in a phase change optical recording nnediunn without inducing any drastic increase in the crystallization speed of 
the recording layer when the medium is overwritten at a high linear velocity. Another object of the Invention Is to suppress 
the jitter increase over the entire area of Ihe medium when Ihe disk-shaped medium is overwrilten al a constant angular 
velochv. 

[0012] Such objects are attained by the present invention as described in (1) to (20). below. 

(1) An optical recording method for recording a disk-shaped optical recording medium having a phase change 
recording layer which is rotated at a constant angular velocity wherein amorphous recorded marks arc formed In 
the recording layer; wherein 

when the minimum signal has a length of Sj and 

when the minimum recorded mark corresponding to said minimum signal has its maximum width of M^, 
is 0.1 Myy; the position on the leading edge side of the recorded mark at the width of E^ is designated effective 
leading edge; and the position on the trailing edge side of the recorded mark at the width of is designated 
effective trailing edge; the distance between the effective leading edge and the effective trailing edge is des- 
ignated effective length M,,; and the distance between the effective leading edge and the position at which the 
width starts to decrease on the trailing edge side is designated Wl; 

the minimum recorded marks are fonmed such that \NJW{^ incrementally or gradually decreases of the optical 
recording medium. 

(2) An optical recording method according to the above (1) 
wherein minimum recorded marks satisfying the relation: 

0.1 < W^/Ml < 0.7 
are formed at least In a part of the recording layer. 

(3) An optical recording method for recording a disk-shaped optical recording medium having a phase change 
recording layer which is rotated at a constant angular velocity, wherein amorphous recorded marks are formed in 
the recording layer; 

wherein 

when the minimum signal has a length of Sl; and 

when the minimum recorded mark con-esponding to said minimum signal has Its maximum width of M^^, E^ 
is 0.1 Mw; the position on the leading edge side of the recorded mark at the width of E^ Is designated effective 
leading edge; and the position on the trailing edge side of the recorded mark at the width of Eyy is designated 
effective trailing edge; and the distance between the effective leading edge and the effective trailing edge Is 
designated effective length M^; 

the minimum recorded marks are f omied such that S^m^ incrementally or gradually decreases from the radially 
Inner side to the radially outer side of the optical recording medium. 

(4) An optical recording method according to the above (3) wherein minimum recorded marks satisfying the relation: 

0.61 < Sl /Ml < 0.8 
are formed at least in a part of the recording layer 

(5) An optical recording method for recording a disk-shaped optical recording medium having a phase change 
recording layer which is rotated at a constant angular velocity wherein amorphous recorded marks are formed in 
the recording layer; wherein 

when the minimum signal has a length of Sl; and 

when the minimum recorded mark corresponding to said minimum signal has its maximum width of Myy, Ew 
is 0.1 M^; the position on the leading edge side of the recorded mark at the width of E^ is designated effective 
leading edge; and the position on the trailing edge side of the recorded mark at the width of Ew is designated 
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effective trailing edge; the distance between the effective leading edge and the effective trailing edge Is des- 
ignated effective length Ml; the width of the recorded mark at a position wherein the distance from the effective 
leading edge is Sl is designated 

the minimum recorded marks are formed such that Sy^/Mw Incrementally or gradually decreases from the 
radially inner side to the radially outer side of the optical recording medium. 

(6) An optical recording riielhod accoiuiny to the above (5) wherein minimum recorded marks satisfying the relation: 

0,1 < Sy^My^ < 0.8 

arc formed at least in a part of the recording layer. 

(7) An optical recording method according to any one of the above (1) to (6) wherein the relation: 



4 m/s < V^i„ 



mm* 



is satisfied when said optical recording medium is rotated at a minimum linear velocity of 
(8) An optical recording method according to any one of the above (1 ) to (7) wherein the relation: 



30 Mbps < R 



mm 



is satisfied when said optical recording medium has a minimum data transfer rate of R^-^^. 

(9) An optical recording method according to any one of the above (1 ) to (8) wherein the relation: 

4.5 m/s <, V^a^ - V^j„ 

is satisfied when said optical recording medium is rotated at a minimum linear velocity of and a maximum 
linear velocity of Vn,ax- 

(1 0) An optical recording method according to any one of the above (1) to (9) wherein said minimum signal length 
Sl is such that: 

Sl < 350 nm. 



(11) An optical recording method according to any one of the above (1) to (10) wherein the relation: 

30 Mbps < R^^, ' R^j, 

is satisfied when said optical recording medium has a minimum data transfer rate of Rn,;^ and a maximum data 

transfer rate of R^^ax- 

(12) An optical recording method for recording an optical recording medium having a phase change recording 
layer, wherein amorphous recorded marks are formed in the recording layer; wherein 

when the minimum signal has a length of Sl; and 

when the minimum recorded mark corresponding to said minimum signal has Its maximum width of M^^, 
Is 0.1 Mv^; the position on the leading edge side of the recorded mark at the width of E^^ is designated effective 
leading edge; and the position on the trailing edge side of the recorded mark at the width of Eyy is designated 
effective trailing edge; the distance between the effective leading edge and the effective trailing edge is des- 
ignated effective length Ml; and the distance between the effective leading edge and the position at which the 
width starts to decrease on the trailing edge side is designated Wl; 
minimum recorded marks satisfying the relation: 



0.1 < Wl/Ml < 0.7 
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are formed over the entire area of the recording layer. 

(13) An optical recording method for recording an optical recording medium having a phase change recording 
layer, wherein amorphous recorded marks are formed In the recording layer; wherein 

when the minimum signal has a length of S^; and 

when the minimum recorded mark corresponding to said rnlnirnutri siynal has its maximum width ol Myy, Eyy 
Is 0.1 Mw, the position on the leading edge side of the recorded mark at the width of Ey^ is designated effective 
leading edge; and the position on the trailing edge side of the recorded mark at the width of is designated 
effective trailing edge; and the distance between the effective leading edge and the effective trailing edge is 
designated effective length 
minimum recorded marks satisfying the relation: 

0.61 < Sl /M^ < 0.8 

are formed over the entire area of the recording layer. 

(14) An optical recording method for recording an optical recording medium having a phase change recording 
layer, wherein amorphous recorded marks are fomied in the recording layer; wherein 

when the minimum signal has a length of Sl; and 

when the minimum recorded mark corresponding to said minimum signal has its maximum width of My^, 
is 0.1 M^; the position on the leading edge side of the recorded mark at the width of E^ Is designated effective 
leading edge; and the position on the trailing edge side of the recorded mark at the width of E^ is designated 
effective trailing edge; the distance between the effective leading edge and the effective trailing edge is des- 
ignated effective length Ml; the width of the recorded mark at a position wherein the distance from the effective 
leading edge is Sl is designated S^; 
minimum recorded marks satisfying the relation: 

0.1 < Syy/Mw < 0.8 

are formed over the entire area of the recording layer 

(16) An optical recording method according to any one of the above (12) to (14) wherein said optical recording 
medium is operated at a linear velocity of at least 8 m/s. 

(16) An optical recording method according to any one of the above (1) to (15) wherein shape of the minimum 
recorded mark is such that its width decreases from the position wherein the width Is Its maximum toward both the 
leading edge and the trailing edge; the leading edge of the minimum recorded mark Is arc shaped; and the trailing 
edge of the minimum recorded mark has a tall protruding reanward In the longitudinal direction of the recording track. 

(17) An optical recording medium wherein the recorded marks are fomned by the optical recording method of any 
one of the above (1) to (16). 

(18) A disk-shaped optical recording medium which is rotated at a constant angular velocity, wherein 
the data transfer rate is at least 30 Mbps, and the jitter is up to 10%. 

(19) A disk-shaped optical recording medium which is rotated at a constant angular velocity, wherein 
the minimum linear velocity Is at least 4 m/s, and the jitter is up to 10%. 

(20) A disk-shaped optical recording medium which rotates at a constant angular velocity, wherein 

difference between the maximum data transfer rate and the minimum data transfer rate is at least 30 Mbps, 
and the jitter is up to 1 0%. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[001 3] 

5 FIG. 1 is a schematic view showing a recorded mark, 

FIG. 2 is a schematic view showing another recorded mark. 

FIG. 3 is a schematic view showing another recorded mark. 

FIG. 4 is a schematic view showing an embodiment of the recording pulse strategy. 

FIG. 5 Is a schematic view showing another embodiment of the recording pulse strategy. 

10 FIG. 6 is a cross sectional view of the optical recording medium according to an embodiment of the present inven- 

tion. 

FIG. 7 is a cross sectional view of the optical recording medium according to another embodiment of the present 
invention. 

FIG. 8 Is a photomicrograph taken by a transmission electron microscope of the phase change recording layer 
15 wherein crystalline structure is shown, 

FIG. 9 is another photomicrograph taken by a transmission electron microscope of the phase change recording 
layer wherein crystalline structure is shown. 

DETAILED DESCRIPTION OF THE INVENTION 

20 

[0014] In the present invention, an optical recording medium having a phase change recording layer Is recorded 
(overwritten) . To be more specific, amorphous recorded marks formed in the crystalline recording layer are erased 
(crystallized), and at the same time, new amorphous recorded marks are formed in the recording layer by Irradiating 
the recording layer with a recording laser beam which is power-modulated at least between the recording power level 

25 and the erasing power level which is lower than the recording power level. 

[001 5] FIG. 1 is a schematic view of the minimum recorded mark formed in the present Invention when the medium 
is overwritten at a relatively high linear velocity. This recorded mark has the shape wherein the width reduces toward 
the leading edge and the trailing edge from the position where the width is at its maximum, and wherein the leading 
edge is in the form of an arc and the trailing edge has a tail which protrudes rearward in the longitudinal direction ot 

30 the recording track. In other words, the recorded mark is in the shape of "ginkgo leaf. It should be noted that this 
recorded mark is the one which had been formed by the recording laser beam which moved in the direction from the 
side of the leading edge to the side of the trailing edge of the recorded mark. 

[0016] In the present invention, the length of the minimum signal is designated Sl. and the minimum signal Is the 
niinimum signal of the modulated signals recorded in the medium. The length of the minimum signal is the length 

35 (distance) on the recording layer corresponding to the lime duration of the minimum signal. Various dimensions are 
also defined in the present invention for the minimum recorded mark corresponding to the minimum signal, and the 
maximum width is designated Myvi E^ is 0.1 Mwi and the position on the side of the leading edge of the recorded mark 
where the width is Eyv is designated the effective leading edge of the recorded mark; and the position on the side of 
the trailing edge of the recorded marks where the width is E,^ is designated the effective trailing edge of the recorded 

40 mark. The distance between the effective leading edge and the effective trailing edge is designated the effective length 
Ml- The effective length Ml is the length that essentially contributes to the signal output in the reading of the recorded 
marks. To be more specific, the region in the tail on the trailing edge side wherein the width is less than in FIG. 1 , 
for example, does not substantially contribute to the signal output in the reading. It is to be noted that the width E^ 
used in the calculation of the effective length Ml is the value which has been determined by the inventors of the present 

■^5 invention by means of experiments. It is also to be noted that, in the present invention, the distance between the 
effective leading edge and the position on the side of the trailing edge where the width starts to decrease is designated 
the distance Wl. and the width at the position at the distance Sl from the effective leading edge is designated the width 
Sw It is to be noted that, in these definitions, the distances and the lengths are the dimensions measured in the 
longitudinal direction of the recording track (in the direction of the movement of the beam spot) and the width is the 

50 dimension measured in the transverse direction of the recording track. 

[0017] In the present invention, the first condition to be fulfilled when the recorded marks are formed on a medium 
operated at a constant angular velocity is that the minimum recorded marks are formed so that WJM^ decreases 
incrementally (in step-by-step manner) or gradually (in continuous manner) from the radially inner side to the radially 
outer side of the medium. By reducing the ratio of the distance Wl between the effective leading edge and the position 

55 where the width starts to decrease to the effective length Ml as described above at the position in the medium where 
the medium is operated at a relatively high linear velocity, erasability of the minimum recorded marks at the position 
of high linear velocity can be improved with no increase In the crystallization speed of the recording layer, namely, 
without compromising the storage reliability or the reading stability. A low jitter is thereby realized over the entire area, 
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mn"!!?'' ^l^"" '^""^"^ ^'"'^ '° ^''^ '""'^"y °f operated at a constant angular velocity. 

[0018J in the present invention, the recording is preferably conducted such that, with the first condition as described 
above being satisfied, the relation. 



0.1 < Wl/Ml < 0.7, 



and more preferably 



0.2 < Wl/Ml S 0.6 

is also satisfied for the minimum recorded marks fonmed at a position where the linear velocity is relatively high and 
to be more specific, at the position where the linear velocity is at least 8 m/s, and in particular, at least 9.6 m/s When 
he shape of the minimum recorded mark is controlled such that the ratio of the distance W, between the effective 
leading edge and the position where the width starts to decrease to the effective length M, does not exceed the pre- 
determined value, the erasability can be efficiently improved. However, when Wl is too short in relation to the M, the 
recorded mark will have an unduly reduced area to invite decrease in the CNR (carrier to noise ratio) This is the reason 
why a lower limit is set for the Wl/Ml as defined above. 

[001 9] In the present invention, the second condition to be fulfilled when the recorded marks are formed on a medium 
operated at a constant angular velocity is that the minimum recorded marks are formed so that SJM, incrementally 
or gradually decreases from the radially inner side to the radially outer side of the medium. By reducing the ratio of the 
signal length Sl to the effective length Ml at the position where the medium is operated at a relatively high linear 
velocity, erasability of the minimum recorded marks at the position of high linear velocity can be improved with no 
increase m tfie crystallization speed of the recording layer, namely, without compromising the storage reliability or the 
reading stability. A low jitter is thereby realized over the entire area, namely, from the radially inner side to the radially 
outer side of the medium operated at a constant angular velocity. 

[0020] In the present invention, the recording is preferably conducted such that, with the second condition as de- 
scribed above being satisfied, the relation; 



0.61 s Sl/Ml < 0.8, 



and more preferably 



0.65 < Sl/Ml < 0.78 

is also satisfied for the minimum recorded marks formed at a position where the linear velocity is relatively high and 
to be more specific, at the position where the linear velocity is at least 8 m/s, and in particular, at least 9.8 m/s When 
he effective length Ml is increased such that the ratio of the signal length Sl to the effective length Ml does not exceed 
the predetemiined value, the erasability can be efficiently improved. However, when the effective length M, is too long 
in relation to the signal length Sl, the medium will suffer from an unduly increased jitter, and this is the reason why a 
lower limit is set for the Sl/Ml as defined above. 

[0021] In the present invention, the third condition to be fulfilled when the recorded marks are fornied on a medium 
operated at a constant angular velocity is that the minimum recorded marks are formed so that S^M^ incrementally 
or gradually decreases from the radially inner side to the radially outer side of the medium. By reducing the ratio of the 
width Sw at the position where, the distance from the effective leading edge is Sl to the maximum width M^ as described 
above at the position wherein the medium is operated at a relatively high linear velocity, erasability of the minimum 
recorded marks at the position of high linear velocity can be improved with no increase in the ciystailization speed of 
the recording layer, namely, without compromising the storage reliability or the reading stability. A low jitter is thereby 
realized over the entire area, namely, from the radially inner side to the radially outer side of the medium operated at 
a constant angular velocity ^ 

[0022] In the present invention, the recording is preferably conducted such that, with the third condition as described 
above being satisfied, the relation: 



0.1 S S^/M^ < 0.8; 
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more preferably 



0.2 < Syy/Myy < 0.7] 



and sUII more preferably 



0.3 < Svv/Mw < 0.6 



is also satisfied for the minimum recorded marks formed at a position where the linear velocity is relatively high, and 
to be more specific, at the position where the linear velocity Is at least 8 m/s; and In particular, at least 9.6 m/s. When 
the shape of the minimum recorded mark is controlled such that the trailing edge side of the recorded mark has a 
reduced width so that the ratio of the width Sw to the maximum width does not exceed the predetermined value. 
15 the erasability can be improved with no marked Increase in the jitter. However, when the width is too small In relation 
to the maximum width M^^, the recorded mark will have an unduly reduced area to invite decrease in the CNR. This is 
the reason why a lower limit Is set for the Sw/Myy as defined above. 

[0023] Next, incremental or gradual decrease of the \NJM^, Sl/Ml and S^/Mw under each of the conditions as 
described above is described in detail, 

20 [0024] In the case of a medium operated at a constant angular velocity, the linear velocity in the overwriting operation 
increases continuously from the radially inner side to the radially outer side of the medium. The characteristic feature 
of the present invention is that the decrease in the erasability associated with the increase in the linear velocity has 
been suppressed by reducing the \N^Mi, SJM^ or Sv/Mw For this purpose, the VJJt^^, SJM^ and Sy^M^ may be 
regulated in a continuous manner in accordance with the linear velocity. However, sufficient effects are achieved as a 

25 matter of fact even if the \NJW\y^, Sl/M^ and Sw/Mw were regulated in an incremental manner, and such incremental 
regulation is more preferable than the continuous regulation since the regulation can be accomplished by a simpler 
mechanism. In regulating the VSiJWi^, Sl/Ml and S^/Mw in an incremental manner in the medium operated at a constant 
angular velocity the medium may be segmented into a plurality of zones based on the linear velocity between the 
minimum linear velocity and the maximum linear velocity, and an adequate \NJM^, SJM^ and Sv/Mw may be allotted 

30 to each of the thus defined zones. It is to be noted that the zoning based on the linear velocity may be done so that 
each zone has the same width while it is also acceptable to define zones each having different widths. 
[0025] When a disk-shaped medium having a diameter of about 12 cm is operated at a constant angular velocity, 
the ratio of the linear velocity between the innemnost track and the outermost track Is normally in the range of 2 to 3, 
and typically about 2.5. In such a case, the medium may be divided on the bases of ihe linear velocity into two or more 

35 zones, and preferably into three or more zones between the minimum linear velocity and the maximum linear velocity, 
and an adequate Wl/Ml, Sl/Ml and Sw/Mw may be allotted to each of the thus defined zones. The merits of the present 
invention are not fully realized when the number of zones defined is too small. On the other hand, there is no need to 
increase the zone number beyond 40 since no significant additional merits of the invention are expected by further 
increasing the number 

40 [0026] Of the first, the second, and the third conditions as described above, It is preferable in the present invention 
that at least one, more preferably at least two. and most preferably all of the three conditions are satisfied, and it is 

particularly important that at least the first condition is satisfied. 

[0027] The present invention wherein the dimensional ratio of the minimum recorded mark is adequately regulated 
on the bases of the linear velocity is most effective when there is a large difference between the maximum linear velocity 
45 and the minimum linear velocity in the overwriting operation, and to be more specific, when the maximum linear velocity 
V and the minimum linear velocity y^,^ In the medium operated at a constant angular velocity are such that: 



4.5 m/s<V^3^-V^i„. 



and in particular. 



5 4 m/s < V - V 



In the present invention, a sufficiently high erasability is realized over the entire area of the medium without compro- 
mising the storage reliability and the reading stability in the recording format wherein the difference in the linear velocity 
within the medium is large. However, realization off a sufficiently high erasability over the entire area of the medium is 
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^max - Vmin ^ 30 m/S, 

and more preferably 

max - V„,„ s 25 m/s. 



4 nrVs < V^:„ 
mm 



f0029, T.e present invention is also particuiarty effective when the length S, of the ninimu. signal is such that: 



Sl < 350 nm, 

and in particular, 

Sl < 250 nm. 



me de.,,^, Shape and dlmeLona^S »« r^^" dS^^ ronheZ^^" """^ 

and Iherelore. .he Ien9.h S, o. ,he minimum algna, la prele'ily sXha. ^ ^'«=»^"'"V ^l^"". 



70 nm < Sl, 

and in particular, 



120 nm < 



45 



50 



55 



[0030] In the case of the CAV system the Ipnnth q rxf th^ rv.: . 

inner side to the radially outer sidf^e meS s^^ce '""^^^^^ mono.onK:a,.y from the radially 

the other hand, in the case of the MCAV system the standard '^^^^^^ ''"''"'"'^.^ '^^"stant. On 

radially inner side to the radially outer side oMhe medl^ i^^^^^^^ ^"^"'^ " '"^^^-^entalV increased from the 
specific, a plurality of concentric annular zon^ are Sed on ZlT"'"""^ ''^ ^'^^ 

at a constant value within each zone The stenLrd h!!^ ^ ^"'^ ^^^"^^^'^ ^'"'^k frequency is kept 

length S, of the minimum s^na " thi nn^^^^^^^ T " '^^'^ ' 

length of the minimum signal in Bac\^zon7Zl^S. LZ^ a , ^"^! ^"^"^ ^ ^ consequence, the 
side within the zone, while itlcreasesl^ se ' ^^^^^^^^^ ''^'^'^''y ^'^e to the radially outer 

Of the entire medium. As a consequence t^e^ ' ' '""'"'^ ^'"^ ^""^ 

constant from the radially inner sfde to ?he radially^uter sLL ofTh h ""^^^ '^'''"^ substantially 

each zone. Therefore. Z present inre^o: w2 "a Jl^^^^^^ ^ ^ 

"near velocity V„.„ is high as described -r^^r rTe^^^^ 
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minimum linear velocity V^,, is large as described above, and the length of the minimum signal is substantially 
constant and short. The present invention is particularly effective when the minimum data transfer rate Rrr^\n ana me 



maximum data transfer rate Hj^^y, are such that: 



30 MbpS^ RfTiaK-Rmin 



and 



30 Mbps < R 



mm' 



The present invention is capable of suppressing the jitter (clock jitter) to up to 1 0% over the entire area of the nnedium 
even when the difference in the transfer rate (R„,ax " RmJ •a'-ge as described above, and the minimum transfer rate 
R i„ Is high as described above. The R^^x a"'* ^'^^ f^min. however, are preferably such that: 



Rmax - Rmin ^ 200 Mbps. 



R„in < 150 Mbps, 



and the reason for this is the same as the reason for the limitation of the difference In the linear velocity and the minimum 

linear velocity. . ^ . , 

[0032] Although the present invention has been described in the foregoing for the case wherein the present invention 
is applied to a medium operated at a constant anguiar velocity, the present invention is also applicable to recording 
formats such as CLV (Constant Linear Velocity) and MCLV (Modified CLV) systems wherein the angular velocity is not 
constant In the CLV system, the standard clock frequency is kept constant in the recording, and at the same time, the 
rotation speed of the medium is controlled so that the linear velocity will be constant over the entire area of the medium. 
As a consequence, the length Sl ot the minimum signal is constant over the entire area of the medium. On the other 
hand In the case of MCLV system, the standard clock frequency is kept constant in the recording, and at the same 
time, the rotation speed of the medium is incrementally reduced from the radially inner side to the radially outer side 
of the medium To be more specific, a plurality of concentric annular zones are defined on the medium, and the rotation 
speed of the medium is kept constant within each zone. The rotation speed of each zones is typically determined such 
that the linear velocity of the innermost track is equal for all zones, and therefore, the length Sl of the minimum signal 
In the innemiost track is equal for all zones as in the case of the MCAV. Consequently, the linear velocity and the length 
Sl of the minimum signal in the MCLV system becomes substantially constant from the radially inner side to the radially 
outer side of the medium except for the small fluctuation in each zone. 

[0033] In the fomiat such as CLV and MCLV wherein the medium is rotated at a constant or substantially constant 
linear velocity, the present invention is most effective when a recording layer of relatively low crystallization speed is 
overwritten at a relatively high linear velocity. In such a case, the minimum recorded marks are fomied in the shape 
of "ginkgo leaf and such that at least one, preferably at least two. and more preferably all of the \NJM^_: SJM^, and 
Sw/Mw are within the ranges as specified above, and in particular, such that at least the \NJM^ is within the preferable 
range as specified above. The erasability at a high linear velocity will be then improved with no increase In the crys- 
tallization speed of the recording layer, namely, without compromising the storage reliability or the reading stability, 
and without inviting a significant increase in the jitter. An overwriting operation at a high speed is thereby enabled for 
the entire area of a medium which already enjoy satisfactory storage reliability and good reading stability. 
[0034] In the format such as CLV and MCLV wherein the medium is rotated at a constant or substantially constant 
linear velocity, the present invention is most effective when the linear velocity is at least 8 m/s, and In particular, at 
least 9 6 m/s over the entire area of the medium. 

[0035] As described above, the present invention is effective when the linear velocity of the medium in the overwriting 
operation is relatively high. However, an excessively high linear velocity invites increase in the cost of the drive unit, 
loss of the stability of the medium, and the like. In view of such situation, the linear velocity V is preferably such that: 

V S 35 m/s. 



and more preferably 
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V S 30 m/s 



for the of ihe medium irrespective of the format employed. 

[0036] Next, methods which may be appropriate for forming the recorded marks having the shape and the dimen- 
sional ratios as defined above are described. 

[0037] As described above, the phase change optical .ecording medium is overwritten by irradiating the medium 
v^ith a laser beam which Is power-modulated at least between the recording power level and the erasing power level 
When the medium is irradiated by the laser beam at the recording power level, the region of the recording layer irradiated 
by the laser beammelts. The power of the laser beam then decreases to the erasing power level after a predetermined 
irradiation penod so that the molten region is quenched to become amoiphous, In the present invention recorded 
marks having the trailing edge of the shape as described above are formed by amorphizing not all of the molten region 
and allowing some of the molten region to be crystallized in the course of the recorded mark formation To be more 
specific, the trailing edge side of the recorded mark is crystallized by slowing down the cooling rate of the molten region 
on the trailing edge side (which is the side of the laser beam destination). In this process, the recording pulse strategy 
and the power of irradiation are regulated to enable the formation of the minimum recorded marks having the shape 
as shown in FIG. 1 and the dimensional ratios as defined above {WJM^. SJM^ and Sw/M^) 
[0038] Crystallization of some part of the molten region in the formation of the recorded marks is already described 
r JJ]^^^^'^ ^® "^0''^ specific. JP-A 7176/1997 describes that recrystallization takes place in the leading 
edge half of the recorded marks when the optical recording disk is operated at a low linear velocity, and suggests that 
such recrystallization may be prevented by in-adiating the medium with a laser beam of recording power level in a pulse 
iTtc?™ 'l"'^' ^^^^"^ "^^'^ 7176/1997 also describes the mechanism of such recrystallization. According to JP-A 
7176/1997. the heat generated in the region corresponding to the trailing edge half of the recorded mark by the irra- 
diation of such region with the laser beam is conducted to the region corresponding to the leading edge half of the 
recorded mark which has already melted, and rapid cooling of such region is inhibited to result in the recrystallization 
ot such region. The recrystallization caused by such mechanism described in the JP-A 7176/1997 is referred to as 
"selferase" in JP-A 232697/1999. As disclosed in these publications, it is known that leading edge side of the molten 
region undergoes the "selferase" to become crystallized, and that such crystallization affects the shape of the leadina 
edge side of the recorded marks. However, as disclosed in JP-A 71 76/1 997. the prime interest in the prior art has been 
avoiding of the selferase" to have any effects on the shape of the recorded marks. 

[0039] As opposed to such prior art. the trailing edge side of the recorded marks is fomied in the present invention 
into the Shape as shown in FIG. 1 by intentionally inducing the phenomenon similar to such selferase in the trailinq 
edge side of the molten region in order to crystallize the trailing edge side of the molten region. The selferase ohe- 
nomenon may be induced In the trailing edge side of the molten region, for example, by controlling the power and 
duration of the laser beam irradiated to Ihe region in Ihe rear side of the recorded mark. The heal applied by the laser 
beam irradiated to such region in the rear side of the recorded mark is conducted to the trailing edge side of the molten 
region, and therefore, the cooling speed of the trailing edge skie of the molten region will be regulated by controllinq 
the power and the duration of the laser beam irradiated to the region in the rear side of the recorded mark and as a 
result, the length of the crystalline region in the trailing edge side of the molten region is simultaneously regulated 
When the selferase phenomenon is induced in the trailing edge side of the molten region, crystallization mainly takes 
place in the lengthwise direction of the recorded mark, and scarcely in the width direction. Accordingly, a recorded 
rTiari< having a relatively small width with a relatively large length can be fomied by adequately controlling the level of 
the power used in the recording, and thereafter, crystallizing the trailing edge side of the molten region by selferase to 
thereby form the recorded mark having the shape of the trailing edge side as shown In FIG. 1 . 
[0040] In contrast, if the selferase phenomenon is not utilized in the formation of the trailing edge of the the trailing 
edge of the recorded marks formed will have a rounded shape like the leading edge of the recorded mark as shown 
in FIG. 2 of JP-A 7176/1997. When the length of the recorded mark is increased to a length greater than the siqnal 
length m such a case, the area bf the recorded mark may become Increased, and in spite of such increase in the area 
of the recorded mark, the medium will suffer from significantly increased jitter and frequent errors 
[0041] It is to be noted that the tail as shown in FIG. 1 is believed to have been generated by the energy distribution 
in the laser beam spot which resembles Gaussian distribution. To be more specific, the energy density is high near the 
center of the beam spot, and accordingly, the temperature reached is relatively high near the center of the recording 
track and the cooling speed is also relatively high. As a consequence, the area near the center of the recording track 
IS less likely to be affected by the selferase compared to the edge portions of the recording track. This phenomena is 
most prominent when the linear velocity used in the recording of the medium is relatively high, namely, when the coolinq 
speed of the recording layer after the irradiation of the recording beam is relatively high. 

[0042] In the present invention, the recorded marks may also have the shapes as shown in FIGS 2 and 3 respec 
tively. The recorded mark shown in FIG. 2 has a nose on the leading edge, and the nose protrudes toward the direction 
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opposite to the trailing edge. The recorded marks shown in FIG. 3 are connected to each other by their tail and nose, 
and in other words, the recorded marks of "ginkgo leave" shape which are aligned along the longitudinal direction of 
the recording track are connected by an amorphous band. The effective length Ml of the recorded mark is defined by 
the width in the recorded marks of the shapes shown FIGS. 2 and 3 as in the case of the shape of the recorded 

5 mark shown in FIG. 1 . 

[0043] II should be noted thai JP-A 231725/2000 which is an invention of the applicants of Ihe present invention 
discloses an optical recording method wherein minimum recorded marks are formed such thai at leasl a pari of llie 
trailing edge protrudes toward the leading edge. This method is similar to the present Invention in that the trailing edge 
side of the molten region is crystallized by selferase in the process of forming the recorded marks. This method Is also 

10 similar to the present invention in that the recorded marks fomned by this method has a shape with a tail at or near the 
center of its trailing edge which protrudes in the direction of the recording track (a shape like "a bat with expanded 
wings" as expressed in JP-A 231 725/2000) as disclosed in paragraph 001 3 of JP-A 231 725/2000. JP-A 231 725/2000, 
however, is silent about the medium operated at a constant angular velocity, and regulation of the recorded mark shape 
based on the linear velocity. Furthemnore, recording in the Examples of JP-A 231 725/2000 is carried out at a low speed 

15 (i.e. at a linear velocity of 3 .5 m/s). and the minimum recorded marks in these Examples all have a short and extremely 
thin tail as expressed by the relations: 

0.86 < S^/Ml, 

20 

0.7 < Wl/Ml^ 

Accordingly, the merits of the present invention are not realized in the invention described in JP-A 231725/2000, 
25 [0044] Next, the method which may be actually employed in regulating the selferase phenomenon in the trailing edge 
side of the molten region is described. 

[0045] First, the recording pulse strategy is described. A phase change optical recording medium is generally re- 
corded, not by continuously irradiating the medium with the recording laser beam for the duration corresponding to the 
length of the recorded mark, but by irradiating the medium with the laser beam divided in a pulse train comprising a 

30 plurality of pulses for the control of the recorded mark shapes as described in JP-A 71 76/1 997. The specific constitution 
of the pulse division is generally referred to as the recording pulse strategy. An embodiment of the recording pulse 
strategy is shown in FIG . 4 wherein a typical recording pulse train corresponding to 5T signal of NRZI signal is illustrated. 
In FIG. 4, T-pop represents the width of the top upward pulse. TEND represents the width of the last upward pulse, T^^p 
represents the width of the pulses other than the top and the last pulses, and Tql represents the width of the downward 

35 pulse (also referred to as the cooling pulse) after the last upward pulse. Such pulse width is generally indicated by the 
value nonnalized in tenns of the standard clock width (1T). In the recording pulse strategy shown in FIG. 4, power 
(bias power P^) of all of the downward pulses including the cooling pulse is set at a value lower than the erasing power 

[0046] When the power of the laser beam Is modulated by the recording pulse strategy as described above, the 
40 selferase phenomenon on the trailing edge side of the molten region can be regulated by controlling at least one of 
the recording power P^, T^^p, Te^d. Power of the cooling power (bias power Pj, in the illustrated embodiment), T^l 
and the erasing power P^. Although the control scheme may be adequately selected depending on the composition of 
the recording layer, the structure of the medium, and other factors relevant to the crystallization of the molten region, 
it is generally preferable to regulate at least one of the recording power Pyj, the erasing power P^, and Tql 
45 [0047] The present invention Is particularly effective for the case of overwriting at a high linear velocity, and it is the 
shape and the dimensions of the minimum recorded mark that are regulated in the present invention. In the formation 
of the minimum recorded mark at a high linear velocity, pulse division of the laser beam is either difficult or utterly 
impossible due to the limitation set by the laser diode responsivity. In view of such situation, a pulse train used has 
only one upward pulse as in the case of 2T signal shown In FIG. 5, and in such a case, it is only the Tjop, the Tcl and 
50 the power that are regulated. To be more specific, the regulation is preferably conducted such that, with the increase 
in the linear velocity, by either reducing the width T^l of the last downward pulse, or increasing the power level of the 
last downward pulse (P^ in the drawings) to the level near the erasing power Pe, or by conducing both the reduction 
of the Tql and the increase of the Pb- T^l nnay be reduced to 0. 

[0048] It is to be noted that the regulation of the Tql In accordance with the linear velocity is described, for example, 
55 In JP-A 1 32836/2000 and the JP-A 71 76/1 997 as mentioned above. However, such regulation of the Tcl on the bases 
of the linear velocity had been carried out in the prior art in order to reduce the selferase that becomes significant when 
the linear velocity is relatively low, and hence, in order to suppress the increase of jitter. In contrast, the regulation of 
the Tcl is conducted In the present invention at a high linear velocity in order to positively promote the selferase on 
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the trailing edge side of the recorded marks to thereby regulate the shape and the dimensions of the recorded marks. 
The erasability at the high linear velocity is thereby improved with the jitter increase allowed to some degree. As de- 
scribed above, the present invention is utterly different from the prior art, and It has been utterly unknown to regulate 
the shape and the dimensions of the recorded marks in the way as defined In the present Invention. 
[0049] Next, embodiments of the optical recording medium to which the present Invention may be applied are de- 
scribed. 

Structure shown in FIG. 6 

[0050] This optical recording medium comprises a supporting substrate 20, and a reflective layer 5 comprising a 
metal or a somimetal, a second dielectric layer 32. a recording layer 4, a first dielectric layer 31 , and a light-transparent 
substrate 2 deposited on the supporting substrate 20 in this order. The recording/reading laser beam enters the medium 
through the light-transparent substrate 2. It should be noted that an intennediate layer comprising a dielectric material 
may be optionally provided between the supporting substrate 20 and the reflective layer 5. 

Supporting substrate 20 

[0051 ] The supporting substrate 20 is provided for the purpose of maintaining the rigidity of the medium. The thickness 
of the supporting substrate 20 is generally in the range of 0.2 to 1 .2 mm, and preferably, In the range of 0.4 to 1 .2 mm, 
and the supporting substrate 20 may be either transparent or non-transparent. Although the supporting substrate 20 
may comprise a resin as In the case of typical optical recording medium, the supporting substrate 20 may also comprise 
a glass. The guide grooves 21 generally provided In the optical recording medium may be provided in the present 
invention by transcription of the configuration of the grooves formed in the supporting substrate 20 to the layers formed 
thereon as shown in the drawings. The grooves 21 are the areas located closer to the side of the laser beam Incidence, 
and the raised areas defined between two adjacent grooves are the lands 22. 

Reflective layer 5 

[0052] In the present invention, the reflective layer may be formed from any desired materiaL and typically, from a 
metal or a semimetal such as Al, Au, Ag, Pt. Cu, Ni, Cr, Ti or Si as a simple substance or as an alloy containing at least 
one of such metals. 

[0053] The reflective layer is typically deposited to a thickness of 10 to 300 nm. The reflectivity is less likely to be 
sufficient when the thickness Is below such range, and deposition to a thickness beyond such range is economically 
disadvantageous since no substantial improvement in the reflectivity is attained by additional increase in the thickness. 
The rellecUve layer is preferably formed by vapor deposition such as sputtering and evaporation. 

First dielectric layer 31 and second dielectric layer 32 

[0054] These dielectric layers prevent oxidation and degradation of the recording layer, and also, protect the sup- 
porting substrate 20 or the light-transparent substrate 2 from the heat transmitted from the recording layer during the 
recording by blocking the heal or by dissipating such heat in in-plane direction of the layer. Provision of the dielectric 
layers also contributes for Improving the degree of modulation. Each dielectric layer may also comprise a laminate of 
two or more dielectric layers each having different compositions. 

[0055] The dielectric material used for these dielectric layers is preferably a compound containing at least one metal 
component selected from Si. Ge, Zn, Al, and rare earth elements, and the compound is preferably an oxide, a nitride, 
or a sulfide. A mixture containing two or more of the foregoing may also be used. 

[0056] The thickness of the first and the second dielectric layers may be adequately detennlned so that sufficient 
improvement in the protection and degree of modulation are achieved. However, the first dielectric layer 31 is preferably 
deposited to a thickness of 1 0 to 300 nm, and more preferably to a thickness of 50 to 250 nm, and the second dielectric 
layer 32 is preferably deposited to a thickness of 10 to 100 nm. 
[0057] The dielectric layers are preferably formed by sputtering. 

Recording layer 4 

[0058] The recording layer Is not particularly limited for its composition, and the material used may be adequately 
selected from various phase change materials, and preferably, from those containing at least Sb and Te. However, 
crystallization temperature of the recording layer containing Sb and Te as the only components is as low as about 
130^C, and the storage reliability is insufficient. For the increase in the crystallization temperature, the recording layer 
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may preferably comprise elements other than Sb and Te. Such element is preferably at least one element selected 
from In, Ag, Au, Bi, Se, Al, P, Ge. H, Si. C, V, W, Ta, Zn. Ti, Sn, Pb. Pd, and rare earth elements (Sc, Y, and lanthanoids), 
and among these, the preferred is at least one element selected from rare earth elements, Ag, In, and Ge in view of 
the particularly high effect in improving the storage reliability. 
5 [0059] Preferably, the composition containing Sb and Te as Its main components is the one as described below, 
namely, the composilion represented by the formula (I); 

(Sb,Te,.J,.yMy (I) 

10 

wherein M represents the element other than Sb and Te, and atomic ratio of the elements constituting the recording 
layer is preferably such that: 

0.2 < X < 0.90, 

and 

20 0 ^ y ^ 0-25. 

and more preferably, 

0.55 < X < 0,85, 

and 

0.01 < y < 0.20. 

30 ' 

[0060] When x representing the content of Sb Is too small in the fonnuta (t). crystallization speed will be excessively 
tow, and signal output will be reduced due to the decrease In reflectivity of the recording layer in the crystalline area. 
In addition, when x is extremely low, recording will be difficult. On the other hand, when x is too large, difference in 

55 reflectivity between the crystalline phase and the amorphous phase will be insufficient. 

[0061] The element M is not particularly limited. However, it is preferable to select al least one member from the 
above-indicated elements for the M in view of storage reliability. The y representing the content of the element M is 
preferably within the above-specified range since an excessively large y results in the reduced crystallization speed. 
[0062] The recording layer is preferably formed to a thickness of more than 4 nm to 50 nm. and more preferably to 

40 a thickness of 5 nm to 30 nm. When the recording layer is too thin, growth of the crystalline phase will be difficult to 
render the crystallization difficult. When the recording layer Is too thick, the recording layer will have an increased heat 
capacity to render the recording difficult. An excessively thick recording layer also results in the reduced output of the 
signal. 

[0063] The recording layer is preferably formed by sputtering. 

45 

Light-transparent substrate 2 

[0064] The light-transparent substrate 2 has a sufficient transparency for recording/reading laser beam to pass there- 
through. The light-transparent substrate 2 may comprise a resin plate or a glass plate of the thickness substantially 

50 equivalent to that of the supporting substrate 20. However, when the high recording density is to be achieved by in- 
creasing the NA of the recording/reading optical system, the thickness of the light-transparent substrate 2 is preferably 
reduced. The thickness of the light-transparent substrate is preferably in the range of 30 to 300 nm. When the light- 
transparent substrate Is too thin, the medium will suffer from the optical effects caused by the dust on the surface of 
the light-transparent substrate. An excessively thick light-transparent substrate, on the other hand, will result in the 

55 difficulty of enabling the high density recording by increasing the NA. 

[0065] The light-transparent substrate 2 of reduced thickness may be provided, for example, by adhering a light- 
transparent sheet comprising a light-transparent resin on the first dielectric layer 31 by means of an adhesive or pres- 
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sure-sensitive adhesive, or by directly forming the light-transparent resin layer on the first dielectric layer 31 by coating. 
[0066] In the present invention, the land and/or the groove may be used for the recording track. 

Structure shown in FIG. 7 

[0067] FIG. 7 shows an embodimenl of the optical recording medium which comprises a light-lransparenl substrate 
2, and a first dielectric layer 31 , a recording layer 4. a second dielectric layer 32, a reileciive layer 5, and a protective 
layer 6 deposited on the light-transparent substrate 2 in this order. The laser beam enters the medium through the 
light-transparent substrate 2. 

[0068] The light-transparent substrate 2 of FIG. 7 may comprise a layer similar to the supporting substrate 20 of FIG. 
6, The light-transparent substrate 2, however, should bo capable of transmitting the light. 

[0069] Tho protective layer 6 is provided for improving scratch resistance and corrosion resistance. Preferably, the 
protective layer is formed of an organic material, and typically, a radiation curable compound or a composition thereof 
which has been cured with radiation such as electron or UV radiation. The protective layer may generally have a 
thickness of about 0,1 to about 100 ^m. and may be formed by conventional techniques such as spin coating, gravure 
coating, spray coating, and dipping. 

[0070] Other layers are similar to the embodiment shown in FIG. 6. 

EXAMPLES 

Example 1 

[0071] A sample of optical recording disk having the structure as shown in FIG. 6 was produced by the procedure 

as described below. 

[0072] A supporting substrate 20 in the fomri of a disk having a diameter of 1 20 mm and a thickness of 1 .2 mm was 
prepared by Injection molding polycarbonate. Grooves were simultaneously fomied In the Injection molding of the 
supporting substrate 20. The recording track pitch in the land/groove recording system was 0.30 ^im. 
[0073] The reflective layer 5 was formed by sputtering in argon atmosphere by using AggsPd^Cu^ for the target. The 
reflective layer was formed to a thickness of 1 00 nm. 

[0074] The second dielectric layer 32 was formed by sputtering in argon atmosphere using AI2O3 for the target. The 
second dielectric layer was lonned to a thickness of 20 nm. 

[0075] The recording layer 4 was fonned by sputtering in argon atmosphere using an alloy target. The recording 
layer had a composition (atomic ratio) of 

(^^0.78'^^0.22)o.95 ^'^0.01 ^^0.04 

The recording layer was fomried to a thickness of 12 nm. 

[0076] The first dielectric layer 31 was formed by sputtering in argon atmosphere using ZnS (80 mole%) - Si02 (20 
molc%) for the target. The first dielectric layer was formed to a thickness of 130 nm. 

[0077] The light-transparent substrate 2 was disposed on the surface of the first dielectric layer 31 by adhering a 
polycarbonate sheet of 100 ^m thick to the first dielectric layer 31 with an intervening adhesive layer of 3 ^im thick 
comprising a solvent-base UV curable acrylic resin. 

[0078] The recording layer of the sample was initiali7ed (crystalli7ed) on a bulk eraser, and the sample was recorded 
by rotating the sample at a constant angular velocity under the conditions: 

laser beam wavelength: 405 nm. 
numerical aperture. ISJA: 0.85, and 
modulation code: (1 ,7) RLL. 

The linear velocity used in the recording is shown in Table 1. It is to be noted that the linear velocity of 11.4 m/s 
corresponds to the linear velocity at the position of the diameter of 50 mm. and the linear velocity of 5.7 m/s corresponds 
to the linear velocity at the position of the diameter of 25 mm of the sample rotating at 21 78 rpm. The recording pulse 
strategy was as in the case of the patterns shown in FIGS. 4 and 5 with the number of upward pulses of (n-1) for the 
nT signal, and other conditions were: 

^T0P« "^MP' "''enD' "^cl- values shown in Table 1 , 
P^: 5.0 mW, 
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Pg! the values shown in Table 1 , and 
Pi,: 0.1 mW. 

It Is to be noted that the minimum signal was 2T, and the clock frequency was controlled so that the length (Sl) of the 
2T signal was 173 nm irrespective of the linear velocity used. 

[0079] Nexl, pholomicrographs of the recording layer of the sample were taken under transmission electron micro- 
scope, and Wl, iviyy^, and were rneasuied fiorn the minirnurn iecorded marks In these phoiomicrographs lo 
calculate Wl/Ml. Sl/Ml, and Sy/Mw The results are shown in Table 1 . 

[0080] FIGS. 8 and 9 are the photomicrographs of the recorded marks fomned under the conditions shown in Table 
1 , Nos. 1 01 and 1 03, respectively. In No. 1 01 wherein the recording had been done by using a pulse strategy including 
no cooling pulse and at a high linear velocity, the minimum recorded marks wore in the shape of "ginkgo leave" and 
the minimum recorded mark had dimensional ratios within the scope of the present invention. On the other hand, in 
No. 103 wherein the recording had been done at a low linear velocity, the minimum recorded marks found were in the 
shape of "bat with expanded wings" as described in JP-A 231 725/2000, supra, having the dimensional ratios of various 
measurements of the recorded mark outside the scope of the present Invention. In No. 102, although the recording 
was done at a high linear velocity as in the case of No. 101 , the minimum recorded marks fomned were in the shape 
of "bat with expanded wings" with dimensional radios substantially the same as those of No. 103 since the recording 
pulse strategy included a relatively wide cooling pulse. It is to be noted that, No. 1 04 was recorded under the conditions 
the same as those of No. 103. 

[0081] Next, the sample was recorded with only 2T signal under the conditions shown in Table 1 . and the recorded 
marks fomned were erased by irradiating a direct current laser beam at an output of 1 .4 mW while the sample was 
rotated at the erasing linear velocity shown In Table 1 . The sample was then measured for their erasability. lt is to be 
noted the erasability shown in Table 1 is the decrease of the carrier of the 2T signal; A erasability of less than 25 dB 
can be regarded as "unerasabie". 

[0082] The sample was also recorded with mixed signals of (1,7) RLL modulation under the conditions shown in 
Table 1. and overwritten with mixed signals of (1,7) RLL modulation while rotating the sample at the erasing linear 
velocity shown in Table 1 . The jitter after the overwriting is shown in Table 1 . The jitter shown Is clock jitter, and a clock 
jitter of up to 1 0% indicates that the signals are readable at a practically acceptable level. It is to be noted that the clock 
jitter was detemnined by reading the signal on a time interval analyzer to determine the "signal fluctuation (o)" by 

o/Tw (%) 

wherein T^ represents the window width. 
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\ nm; 
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( nm; 


101 


11 . 4 


173 


0.4 


0.4 


0.5 


0 


1.4 


245 


100 




105 


102 


11.4 


173 


0.6 


0.5 


0.5 


0.7 


2.0 


205 


180 


290 


290 


103 


5.7 


173 


0.7 


0.5 


0.5 


0.8 


2 . 4 


200 


190 


310 


310 


104 


5.7 


173 


0.7 


0.5 


0.5 


0.8 


2.4 


200 


190 


310 


310 
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Erasing distance Data 
linear from the transfer Erasa- 













velocity 
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rate 


bility 


Jitter 


No. Kj./M,. 




S./M: 




S„/M„ 


(m/s) 


(nun) 


(Mbps) 


(dB) 


{%) 


101 0. 408 


0 


.706 


0 


.412 


11.4 


50 


70 


26. 5 


8.6 


102 0.878* 


0 


.843* 


1 


. 000* 


■11.4 


50 


70 


22 . 4 


11.5 


103 0. 950* 


0 


.865* 


1 


. 000* 


5.7 


25 


35 


30.0 


7.7 


104 0. 950* 


0 


.865* 


1 


.000* 


11.4 


50 


70 


20. 0 


12. 5 



outside the scope of the invention 



[0083] The merits of the present invention are evident fronn the results shown In Table 1 . The minimum recorded 
marks of Nos. 102, 103, and 104 satisfied the relations: 

0.86 < Sl/Ml, 



0.7 < Wl/Ml 

as in the case of the minimum recorded mark described in JP-A 231 725/2000, and they were In the shape of "bat with 
expanded wings" as described In JP-A 231725/2000. As a consequence, the erasablllty was sufficient In No. 103 
wherein the linear velocity used in the erasing was as low as 5.7 m/s while the erasability was insufficient when the 
linear velocity used In the erasing was increased to 11 .4 m/s as In the cases of Nos. 1 02 and 1 04. In contrast, in No. 
101 wherein all of the dimensional ratios (i.e. \NJUy^, SJU^, and S^/Myy) of the minimum recorded marks were within 
the scope of the present invention, the sample exhibited a sufficient erasability at the erasing linear velocity of 11 .4 m/ 
s. In addition, the jitter in No. 101 was within the acceptable range although it was slightly larger than that of No. 103 
wherein the recording and the erasing were done at the low linear velocity 

[0084] As described above, when the minimum recorded marks are fomned as in the case of No. 1 03, in the area on 
the radially inner side of the disk operated a lower linear velocity, and as in the case of No. 101 , in the area on the 
radially outer side of the disk operated at a higher linear velocity, the disk will exhibit excellent erasing properties as 
well as low jitter in the overwriting over its entire area. In such a case, it is also possible to design the crystallization 
speed of the recording layer to correspond to the low linear velocity of the radially inner side of the disk and, a sufficient 
storage reliability as well as good reading staibility are thereby enabled. Furthermore, if minimum recorded marks are 
formed as in the case of No. 101 over the entire area of the disk which is rotated at a substantially constant linear 
velocity, the resulting medium will be provided with a high data transfer rate, and at the same time, with favorable 
storage reliability and reading stability 
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Example 2 

[0085] The sample of the optical recording disk produced in Example 1 was also evaluated as in the case of Example 
1 by conducing the recording, erasing, and ovenwriting under the conditions shown in Tables 2 and 3, respectively. The 
results are shown in Tables 2 and 3. respectively. 
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70 
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14.0 


59 
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25. 4 


8.9 



outside the scope of the invention 
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. 951* 
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. 000* 
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50 


24 . 9 


10.1 



outside the scope of the invention 



[0086] The merits of the present invention are evident f ronn the results shown in Tables 2 and 3. 
[0087] To be more specific, in Nos. 201 and 202 of Table 2 wherein the disk had been erased and ovenwritten at 
positions with the linear velocity of less than 8 m/s, the erasability was sufficiently high and the jitter was low although 
the Wl/Ml, S^/Ml ^"cI Sw/M^v were outside the scope of the present invention. On the other hand, ih Nos. 203 to 206 
of Table 2 wherein the disk had been erased and overwritten at a position with the linear velocity of at least 8 m/s, the 
erasability was also sufficiently high and the jitter was low since the minimum recorded marks had been fonned such 
that the Wl/Ml, SJhA^ and Sw/My^, were within the scope of the present invention. In Table 2, the shape of the recorded 
marks was controlled in the sample operated at a constant angular velocity so that all of the Wl/Ml, Sl/Ml and 8^/ 
Myv decreased from the radially inner side to the radially outer side of the disk, and the jitter was low over the entire 
area of the sample. 

[0088] In contrast, the minimum recorded marks were formed In the sample of Table 3 such that they had substantially 
the same dimensional rallo Irrespective of whether they were formed at a position operated at the linear velocity of 
less than 8 m/s or at a position operated at the linear velocity of 8 m/s or more, and the erasability was insufficient and 
the jitter was unduly high at the position where the linear velocity was 8 m/s or more. 

MERITS OF THE INVENTION 

[0089] In the present invention, control of increase In the jitter in the overwriting at a high linear velocity has been 
enabled with no increase in the crystallization speed of the recording layer by appropriately regulating the shape and 
dimensional ratio of the minimum recorded mark. In addition, if the present invention is applied to a medium which is 
operated at a constant angular velocity, increase In the jitter can be suppressed over the entire area of the medium. 

Claims 

1 . An optical recording method for recording a disk-shaped optical recording medium having a phase change record- 
ing layer which Is rotated at a constant angular velocity, wherein amorphous recorded marks are formed in the 
recording layer; wherein 

when the minimum signal has a length of Sl; and 

when the minimum recorded mark con-esponding to said minimum signal has its maximum width of M^y, Ey^ 
is 0.1 My^; the position on the leading edge side of the recorded mark at the width of E^y is designated effective 
leading edge; and the position on the trailing edge side of the recorded mark at the width of Is designated 
effective trailing edge; the distance between the effective leading edge and the effective trailing edge is des- 
ignated effective length MlI and the distance between the effective leading edge and the position at which the 
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width starts to decrease on the trailing edge side is designated Wl; 

the minimum recorded marks are formed such that Wl/Ml incrementally or gradually decreases from the ra- 
dially inner side to the radially outer side of the optical recording medium. 

An optical recording method according to claim 1 wherein minimum recorded marks satisfying the relation: 

0,1 < Wl/Ml ^ 0-7 
are formed at least In a part of the recording layer. 

An optical recording method for recording a disk-shaped optical recording medium having a phase change record- 
ing layer which Is rotated at a constant angular velocity, wherein amorphous recorded marks are formed in the 
recording layer; wherein 

when the minimum signal has a length of and 

when the minimum recorded mark corresponding to said minimum signal has its maximum width of My^, Eyy 
is 0.1 Mvv; the position on the leading edge side of the recorded mark at the width of is designated effective 
leading edge; and the position on the trailing edge side of the recorded mark at the width of is designated 
effective trailing edge; and the distance between the effective leading edge and the effective trailing edge is 
designated effective length Ml; 

the minimum recorded marks are formed such that SJW\i incrementally or gradually decreases from the radially 
Inner side to the radially outer side of the optical recording medium. 

An optical recording method according to claim 3 wherein minimum recorded marks satisfying the relation: 

0.61 < Sl /Ml < 0.8 
are formed at least in a part of the recording layer. 

An optical recording method for recording a disk-shaped optical recording medium having a phase change record- 
ing layer which is rotated at a constant angular velocity, wherein amorphous recorded marks are formed in the 
recording layer; wherein 

when the minimum signal has a length of and 

when the minimum recorded mark corresponding to said minimum signal has its maximum width of Myv, Ew 
is 0.1 Mvy^; the position on the leading edge side of the recorded mark at the width of is designated effective 
leading edge; and the position on the trailing edge side of the recorded mark at the width of E^ is designated 
effective trailing edge; the distance between the effective leading edge and the effective trailing edge is des- 
ignated effective length MlI the width of the recorded mark at a position wherein the distance from the effective 
leading edge is Sl is designated Syy; 

the minimum recorded marks are formed such that Sw/Mw incrementally or gradually decreases from the 

radially inner side to the radially outer side of the optical recording medium. 

An optical recording method according to claim 6 wherein minimum recorded marks satisfying the relation: 

0.1 < Syv/Myy < 0.8 

are formed at least in a part of the recording layer. 

An optical recording method according to any one of claims 1 to 6 wherein the relation: 

is satisfied when said optical recording medium is rotated at a minimum linear velocity of V^i^. 
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8. An optical recording method according to any one of claims 1 to 7 wherein the relation: 



30 Mbps s R 



min 



is salisfied when said optical recording medium has a minimum data transfer rale of R^jn. 

9. An optical recording method according to any one of claims 1 to 8 wherein the relation: 

4.5 m/s ^ V^,, - V , 
max " min 

is satisfied when said optical recording medium is rotated at a minimum linear velocity of V„,„ and a maximum 
linear velocity of S/tnax- 

10. An optical recording method according to any one of claims 1 to 9 wherein said minimum signal length S, is such 
that: ^ 

Sl < 350 nm. 

11. An optical recording method according to any one of claims 1 to 10 wherein the relation: 

30 Mbps < R^3^ . R^.^ 

is satisfied when said optical recording medium has a minimum data transfer rate of R„:„ and a maximum data 
transfer rate of R^^^. '"'^ 

12. An optical recording method for recording an optical recording medium having a phase change recording layer, 
wherein amorphous recorded marks are formed In the recording layer; wherein 

when the minimum signal has a length of S^; and 

when the minimum recorded mark corresponding lo said minimum signal has its maximum width of Myy, 
is 0.1 Mw; the position on the leading edge side of the recorded mark at the width of Is designated effective 
leading edge; and the position on the trailing edge side of the recorded mark at the width of Ew is designated 
effective trailing edge; the distance between the effective leading edge and the effective trailing edge is des- 
ignated effective length Ml; and the distance between the effective leading edge and the position at which the 
width starts to decrease on the trailing edge side is designated 
minimum recorded marks satisfying the relation: 

0.1 < W^/Ml < 0.7 

are formed over the entire area of the recording layer. 

13. An optical recording method for recording an optical recording medium having a phase change recording layer 
wherein amorphous recorded marks are formed in the recording layer; wherein 

when the minimum signal has a length of S^; and 

when the minimum recorded mark corresponding to said minimum signal has its maximum width of M^, 
IS 0.1 Mw; the position on the leading edge side of the recorded mark at the width of E^ is designated effective 
leading edge; and the posltion'on the trailing edge side of the recorded mark at the width of E^ is designated 
effective trailing edge; and the distance between the effective leading edge and the effective trailing edqe is 
designated effective length Ml; 
minimum recorded marks satisfying the relation: 
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0.61 <: Sl /Ml ^ 0.8 

are formed over the entire area of the recording layer. 

14. An optical recording nnelhod for recording an oplicai recording nnedium having a phase change recording layer, 
wherein amorphous recorded marks are formed in the recording layer; wherein 

when the minimum signal has a length of Sl; and 

10 when the minimum recorded mark corresponding to said minimum signal has its maximum width of f^vV' 

is 0.1 My^; the position on the leading edge side of the recorded mark at the width of Ey^ Is designated effective 
leading edge; and the position on the trailing edge side of the recorded mark at the width of is designated 
effective trailing edge; the distance between the effective leading edge and the effective trailing edge is des- 
ignated effective length Ml; the width of the recorded mark at a position wherein the distance from the effective 

15 leading edge Is is designated S^; 

minimum recorded marks satisfying the relation: 
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0.1 < S^/Myv < 0.8 



are formed over the entire area of the recording layer. 

15. An optical recording method according to any one of claims 12 to 14 wherein said optical recording medium is 
operated at a linear velocity of at least 8 m/s. 

16. An optical recording method according to anyone of claims 1 to 15 wherein shape of the minimum recorded mark 
is such that its width decreases from the position wherein the width Is its maximum toward both the leading edge 
and the trailing edge; the leading edge of the minimum recorded mark is arc shaped; and the trailing edge of the 
minimum recorded mark has a tail protruding rearward in the longitudinal direction of the recording track. 

17. An optical recording medium wherein the recorded marks are formed by the optical recording method of any one 
of claims 1 to 16. 

18. A disk-shaped oplicai recording medium which is rotated at a constant angular velocity, wherein 

the data transfer rate is at least 30 Mbps, and the jitter is up to 10%. 

19. A disk-shaped optical recording medium which is rotated at a constant angular velocity, wherein 
40 the minimum linear velocity is at least 4 m/s, and the jitter is up to 10%. 

20. A disk-shaped optical recording medium which rotates at a constant angular velocity, wherein 

difference between the maximum data transfer rate and the minimum data transfer rate is at least 30 Mbps, 
45 and the jitter is up to 1 0%. 
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FIG. 3 
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FIG. 6 
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FIG. 8 
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